In this study, we analyzed the dynamic motor patterns of attack or defense and age hierarchy to investigate aggression in African mole-rats Cryptomys foxi and the house mouse Mus musculus. The objective is to verify if the social order of dominance is associated with age hierarchy within the social group. Using the resident-intruder experimental model, we created a series of dyadic encounters that comprised of a standard adult mouse or rat paired with groups of aggressive and hierarchically age-ranked small animals in a territorial aggression test. Our results indicate that though the adult animals displayed the highest level of aggression, indicating their dominant status, there was no age-related hierarchical formation in the expression of aggression. In the non-territorial aggression test in which rats or mice were grouped together, animals displayed low levels of aggression compared to the territorial test and no hierarchical age-related order. These results indicate that the magnitude of aggression expressed by animals in the social group, based on their motor patterns of attack and defense, seem to depend on individual competitive strategies in reaction to various environmental challenges and not necessarily on age hierarchy.
Introduction
The study of social order of dominance in both domesticated and natural communities has received considerable interest in behavioral studies in the past few decades. Evidence indicates that the complex interactions among individuals that share a common territory can influence the pattern in the social order of dominance. For instance, it has been shown that apart from order of arrival at the different localities, several other factors exert significant influence on the social order of dominance [1] . Aggressiveness of the individual animal was generally found to exert the most significant effect on the pattern of the established social order [1] .
Studies on mice reveal that grouping adult male mice in cages can result in increased aggression, and could as well reflect a pattern in the social order of dominance [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . When a group of monkeys of different sizes were merged and the social order of dominance was observed, some small animals were aggressive and constantly challenged the authority of bigger animals in the social structure, while some were placid and did not challenge the bigger animals [14] . Based on these observations, Rosvold and colleagues proposed social order of dominance based on size differences. Apart from size differences, aggression has also been investigated in different contexts, including genetic factors [15] [16] [17] , environmental influence [18] , paternal and maternal effect [19, 20] , and the effect of neurochemical substances in the brain that modulate aggressive behavior [21] .
Several other studies [22] [23] [24] [25] [26] that investigated the social order of dominance based on competitive ability revealed that though dominance is based on individual skills during competition, age may also play a significant role in the expression of aggression, and in the pattern of the social order of dominance that is established. In the present study, we focus on social order of dominance based on age hierarchy in the expression of aggression in selected individuals of the mole-rat Cryptomys foxi and the house mouse Mus musculus. There is no detailed study that has attempted to investigate aggression in C. foxi. In M. musculus, several aspects of aggression have been investigated [1, 15, 27] , however, the interplay between age hierarchy following aggressive interactions and the social order of dominance is not well known.
The African mole-rat, C. foxi, lives in the caves of subtropical/tropical dry lowland and subterranean habitats. Depending on specific socio-ecological conditions, male and female C. foxi show differences in the display and timing of aggression towards conspecifics. Males tend to be very good aggressors. In fact, what little interest they show in their offspring tends to be marked with aggression. Many male species attack and even kill their own newborns. More interesting, the African mole-rat has a unique social order. For instance, the initial social order is determined by the order of arrival at each locale. Thereafter, there is reshuffling of social order based on aggressive interactions, leading to the establishment of a pattern of a dominant hierarchy. It is not clear if the emerged pattern of dominance reflects the age hierarchy. M. musculus dominant males set up a territory including a family group of several females and their young ones. In contrast to C. foxi, aggressive interactions within family groups of M. musculus are not common, but all the individuals in a territory will defend the area against intruders. Social order of dominance is associated with deferent strategies including the relative amount of aggression initiated to, and received from, intruders.
In the present study, the contrasting social systems in C. foxi and M. musculus provide a basis for comparative assessment of social order of dominance following aggressive interactions. For this reason, we investigated aggression in C. foxi and M. musculus with the overall goal of verifying whether or not age hierarchy reflects the social order of dominance among individuals of two different species. Our hypothesis is that age hierarchy might play a significant role in the social order of dominance based on the expression of aggression. If social order of dominance is associated with age hierarchy, that is, if either increasing or decreasing age order reflects the social order of dominance, then by analyzing aggression parameters such as motor patterns of attack or defense in age-ranked animals of two different species should reflect social order of dominance corresponding with the age order in either species. This is because C. foxi and M. musculus exhibit contrasting social systems, especially differences in aggressive interactions within and outside the social group. The consideration of motor patterns of attack or defense is because during aggression, the motor behavior of the animal is dominated primarily by attack and defensive displays [25, 28, 29] . We focus our investigation on males, because female rats and mice typically are less aggressive than their male counterparts [30] .
To test our hypothesis, we considered the resident-intruder model experiment to investigate territorial aggressive behavior [31] . To examine non-territorial aggressive behavior, the animals were grouped together [32] . We used both experimental conditions to induce aggression, that is, attack or defense behavior resembling the natural conditions that animals establish and defend territories or compete for food within the social group. In the resident-intruder model, the adult animal of a wider age difference than the small animals was chosen as the standard resident, while groups of insubordinate small animals of increasing age hierarchy were the intruders. The animals were paired with the resident adult animal in each experimental situation. Our present study indicates that the social order of dominance did not correspond with the age hierarchy of the animals. In this paper, we present the original experiments of detailed analysis of motor patterns of attack and defense in two different animal species with different social systems to classify social order of dominant age-related during aggressive interactions.
Materials and methods

Subjects
Subjects are five male house mice (Mus musculus) and mole-rats (Cryptomys foxi). The mole-rat species investigated in this study belongs to the family Bathyergidae, which are subterranean hystricomorph species residing in a variety of habitats in subtropical areas. The African mole-rat was considered in this study because they represent a unique mammalian group that reflects the complete range of social systems, from an aggressive solitary-dwelling species to two species that demonstrate the classical features of eusocial society [33] . Both mice and rats were reared in the laboratory for this experiment. The research carried out in the study complied with the policies on animal care. Animals were reared in large stainless steel cages of 70 cm high, 35 cm wide and 35 cm deep. The cages were covered with lids of stainless steel wire grid. The floors of the cages were covered with sawdust that was changed every week. The subjects were allowed free access to food and water throughout rearing. We illuminated the room on a 12:12 light-dark cycle with lighting between 08:00-20:00 hr. Temperature and humidity were maintained constant at 22 − 24
• C and 60%, respectively.
Apparatus
The intruder experiment was conducted inside an extended cage in which the animals were reared. We extended the size of the cage to 80 cm high, 55 cm wide and 55 cm deep to provide more space for the movement of the animals during aggressive encounters. Following the extension of the cage, the animals were allowed to move freely inside the extended cage before the test. The extended cage was housed in a large wooden arena. The cage had a partition in the middle that contained food. The food competition task was introduced in the resident-intruder model to aggravate the levels of aggression during which animals defend territories or compete for food to survive in their adaptive environment. The grouped experiment was carried out in a clear glass aquarium (sand blasted floor) of 80 cm high, 55 cm wide and 55 cm deep, also enclosed in the large arena. The floor of the aquarium was further covered with 2 − 3 cm of fresh pine shavings. A digital camera (Sony DCR-VX1000) was mounted in a position approximately 90 cm long in a perpendicular positioning to the arena to record all the behaviors of the animals during the test. A web cam was connected to the arena to provide a profile view and the behaviors of the animals were monitored by the experimenter via the computer.
Selection of aggressive animals
We conducted preliminary trials to select groups of aggressive animals, during which small animals of different ages were allowed to intrude the cage of the adult animals and compete for food. The animals were deprived of food one day before the trial test. Most of their feedings were during the food competition task and the body weights of the animals were constantly monitored. During the trial, the adult animals remained very sensitive about the threats to the food while the small animals had to compete and perhaps fight with the adult animals to obtain enough food to survive. We explored the motor patterns of attack or defense displayed by the animals during the tendencies to defend or compete for food. From the trial test, we identified groups of aggressive adults and small animals.
In this context, we eliminated animals that are placid and would not display aggressive behavior during the test. This is important to generate significant levels of aggression among individuals, and, in turn, relate it with the age hierarchy within the social group.
From our preliminary results, we identified groups of aggressive animals based on their consistency in the display of motor patterns of attack or defense. Resident adult males were selected based on their consistent display of attack behavior, while the intruding small animals were selected by their resilience display of aggressive behavior. These small males did not attack first but would respond aggressively if attacked by the adult. For instance, they refused to flee from the adult animals during confrontations, thereby initiating significant levels of aggression. We considered small animals below the ages of 150 days, because rats and mice form social groups gradually during development, with social structure usually established at about 150 days of age [34] .
Animals older than 150 days were considered adult. We identified the ones that consistently displayed aggressive behaviors during the pairing trials in which they exhibit significant motor patterns of attack. For the selected African mole-rats, their weights varied from 125-230 g, and their ages were 100, 120, 130 and 139 days old, while the adult rat was 167 days old. In mice, we identified five male mice of body weights between 150-269 g. Their ages were 90, 110, 120 and 132 days old. The age of the adult mouse was 172 days. The rats were ranked and designated as Rt100, Rt120, Rt130 and Rt139 in an increasing order of age hierarchy such that the smallest rat (Rt100) was ranked lowest while the eldest rat (Rt167) was ranked highest. Mice were designated as M90, M110, M120, M132 and M172, in an increasing order of age hierarchy. The smallest mouse in age hierarchy is M90 while the adult or eldest is M172.
Experimental design and data collection
During data collection, we gently introduced the small animals into the cage through the opposite side as that of the adult. We allowed them to adapt for a period of about 60 seconds. Thereafter, we quickly and quietly closed the entrance of the cage, and removed the partition that enclosed the food. As soon as the partition was removed, the adult animal confronted the small intruder and the small animal responded aggressively. Although smaller than the adult, they had experience in confronting or challenging adult conspecifics during previous dyadic pairings in the preliminary trials. Behavioral recordings began as soon as the small and the adult animals confronted each other or competed for the food in the middle of the cage. In this context, we selectively induced intramale and intraspecies aggression. A novel pairing of animals was made for each test, and the intruder male was not used more than once per day, to prevent behavioral stress.
In the second experiment, we grouped the animals in a neutral arena to investigate non-territorial aggression, during which all subjects were housed inside the clear glass aquarium of 80 cm high, 55 cm wide and 55 cm deep. Each group was comprised of five rats or mice. In this experiment, we used the same animals from the intruder experiment to investigate grouped aggression. As soon as the animals were grouped, we recorded all pairing confrontations. In both experiments, the display of various forms of motor patterns of attack or defense by each animal was recorded. We observed aggressive encounters for 5 minutes during each day of data collection. In the resident-intruder experiment, each animal was tested once per day for 2 days at a 3 day interval to abolish sequential effect. For the grouped experiment, we also collected data for 2 days at a 3 day interval. We collected data between 4 and 6 PM, using a video camera in which the sampling frequency was 60 frames per second.
Behavioral analysis
Recorded videos were re-captured using Pinnacle version 7.1 software, to stream the footage to the computer hardware. Transferred videos were "deinterlaced" using Virtual Dub 1.5 version to maintain the sampling frequency of 60 frames per second, while detail analysis was done using video point version 2.1. Detailed behavioral displays were analyzed from the recorded videos at five-minute intervals of the recording sessions. Each motor pattern of attack or defense parameter was evaluated by scoring counts for their occurrences during the interactive encounters. Measurements for each motor pattern were averaged and plotted for each animal in a cumulative graph to evaluate the levels of aggression of each animal and establish any possible hierarchical pattern among the age ranked animals.
Statistical analysis
To remove the effect of heterogeneity based on the large sample size of the adult animal we normalized our data using natural log transformation. References to these variables in the remainder of this article refer to normalized values. T-test paired sample analysis was used to compare interspecies mean variations of aggression parameters, that is, motor patterns of attack or defense between rats and mice. Two-way ANOVA was performed to establish intraspecies differences in levels of aggression among the ranked animals, while Turkey's post hoc test was used to establish significant differences between age groups.
Results
Intruder model-experiment
The various motor patterns of attack or defense representing the parameters considered for the expression of aggression during the intruder or grouped experiments are presented in Table 1 .
To evaluate variation in the different motor patterns in each animal and intraspecies age differences in the expression of aggression, we performed two-way ANOVA. The results indicate significant main effect of the different motor patterns F (4, 16) = 3.51, P = 0.03 and ages of the rats, F (4, 16) = 3.91, P = 0.02. The interaction between age and aggression as indicated by the motor patterns of attack or defense was not significant. As shown in Figure 1 , aggression levels were significantly higher in Rt120, ranked fourth in decreasing age hierarchy, and Rt167 ranked first when compared with other rats (P < 0.05). No significant difference was found in other rats (P 0 < 0.05) post hoc test. In mice, two-way ANOVA found a significant main effect of aggression parameters, F (4, 16) =18.56, P<0.001, and age, F (4, 16) = 51.70, P < 0.001. The interaction between age and aggression was not significant. Figure 2 indicates that the highest ranked mouse (M172) displayed the highest and most significant level of aggression (P < 0.05), whereas the level of aggression in other mice was not significantly different (P < 0.05) post hoc test. Taken together, the results from the intruder experiment indicate that the highest age ranked mouse (M172), the highest ranked rat (Rt167), and Rt120, that was ranked fourth, displayed the highest level of aggression. However, there is no clear pattern reflecting an age hierarchical formation in the expression of aggression by the age-ranked animals.
Motor pattern Description
Advance Advance motor pattern is the intent behavior exhibited as subtle precursory warnings that are displayed during the natural predatory attack behavior. The small animal displays 'advance' by moving towards the adult animal, or vice versa, during confrontational encounter.
Pursue
Pursue motor pattern indicates improvisational actions of locomotion by the adults or small animals leading to confrontation and sometimes a collision.
Fleeing
Fleeing behavior is defined as the resistant by the small animal during which it refuses to steer away from the adult mouse or rat. On the other hand, the adult animal refuses to flee when it intentionally refuses to evade the small animal.
Sideway posture Sideway posture is considered when the small animal orientates itself broadside on its adult opponent to display side-by-side postural retreat. The adult animals' sideway postural display often precedes advance or pursuit movement on the small animal.
Upright posture
The upright postural display is defined as projection of the ventral region of the body by one animal to the other. The attacking adult animal displays this upright behavior when it is about to advance to the small animal, while the defensive animal displays the posture when resisting from the approaching adult animal. Table 1 The motor patterns of attack or defense during aggressive encounters in the intruder model or grouped experiment. 2 The levels of aggression for each animal indicated by means of the different motor patterns displayed by each mouse during the dyadic encounters of the resident-intruder model experiment. The adult mouse (M172) exhibit the highest level of aggression based on significant post-hoc differences between age ranked animals, * P < 0.05. However, there was no significant difference in the levels of aggression in M90, M110, M120, and M132 ( * * , P < 0.05) post hoc test. Figure 3 reveals the different motor patterns of attack and defense for rats in the grouped experiment. Two-way ANOVA reveals significant main effect on the motor patterns of attack or defense, F (4, 16) = 5.78, P = 0.04, but the age effect was not significant, F (4, 16) = 0.19, P = 0.93. In mice, the different motor patterns of attack or defense are presented in Figure 4 . Two-way ANOVA indicates that the display of the different motor patterns of attack or defense were significantly different, F (4, 16) = 4.72, P = 0.01, while age effect was not significant, F (4, 16) = 0.10, P = 0.97. The results reveal that though the different motor patterns of attack or defense indicating aggression parameters are significantly different, the overall expression of levels of aggression by considering the motor patterns of attack or defense do not differ among the age ranked animals. Significantly, we did not observe any hierarchical formation in the expression of aggression with either increasing or decreasing age order.
Grouped experiment
To determine interspecies variations in aggression between mice and rats, we computed the means (±SEM) of our data. The results are presented in Figure 5 . The figure reveals similarities in occurrences of different motor patterns of attack or defense during the intruder model experiment in rats and mice. As shown in Figure 6 , mice display more sideway postures during attack or defense than rats, while rats display more pursue motor patterns than mice in the grouped experiment. These data suggest that rats probably exhibit more attack by pursuing its conspecifics when grouped together than mice. Also in the group test, unlike in the resident-intruder experiment, aggression seems to be considerably reduced in both rats and mice when compared with the resident intruder results (see Figures 5 and 6 ). Fig. 3 The motor patterns of attack and defense expressing levels of aggression for each animal during the grouped experiment. The two-way ANOVA indicates significant difference in the motor patterns, F (4, 160 = 5.78, P = 0.004, but the there was no significant difference between the ages F (4, 16) = 0.19, P = 0.095. Fig. 4 The social order of dominance in mice based on the motor patterns of attack or defense (mean). The Figure compares the levels of aggression based on the different behavioral parameters individually across the age ranked animals. Two-way ANOVA reveals significant differences in the display of the different motor patterns, F (4, 16) = 4.71, P = 0.01, but the expression of aggression was not significantly different among the different age ranked mice, F (4, 16), = 0.10, P = 0.97.
Fig. 5
The motor patterns of attack or defense displayed by rats and mice during the intramale aggression encounter in the intruder model experiment. Means of logged transformed data were computed for the five rats or mice. The results indicate similarities in the display of motor patterns with non-significant occurrence of each motor pattern in both rats and mice.
Fig. 6
The motor patterns of attack or defense displayed by rats and mice in the grouped experiment. Results generally indicate low levels of aggression for both rats and mice when compared with the levels of aggression in the intruder model experiment. All values are expressed as mean ± SEM with significant differences ( * , P < .05) between mice and rats.
Discussion
Relationships between hierarchy formation in a social group and aggression, particularly in higher vertebrates, have received much attention [7, 14, 35, 36] . Major advancements in this area emanated from behavioral studies of both sexes and of different size classes e.g. [37, 38] . For males, the assumption is that the extent and ability to which individuals are able to defend territories that contain resources and/or mates may be the central component of individual dominance. This is because physical size is often an important determinant of which individual prevails in agonistic encounters. Larger and older males are assumed usually to be the most successful or dominant in the display of aggressive behavior. In turn, they are able to defend and acquire breeding territories e.g. [11] [12] [13] [39] [40] [41] [42] . Indeed, the necessity to preserve social position is important because individuals with greater hierarchical status tend to depose animals ranked lower from access to space, food and mating chances. Thus, individuals with higher social status tend to have greater reproductive success and more resources to invest in the survival of offspring.
The focus of the present study is on paired conspecifics of age-ranked animals that exhibit significant levels of aggression during grouping or dyadic encounters. If age hierarchy is associated with the social order of dominance based on aggressive interactions, such association is expected to emerge following analysis of aggression parameters. This is because the expression of aggression and hierarchy formation are an integral part of everyday life for many social-living species, and it indicates the pattern of survival in the social group. In the present study, our set-up is such that the focus is on selected ageranked small animals that constantly challenge the audacity of adult resident animals, and thus behave aggressively during each pairing. The emphasis on the evaluation of aggression by considering dynamic parameters, such as defense or attack motor patterns and age hierarchy of the animals, provide a potent tool for examining the interplay of the various parameters that might govern expression of aggression and structuring within the animals group. This is important to know if such interaction could lead to the establishment of social order of dominance based on age hierarchy. In turn, the outcome of such interplay could play important roles in the divergence of ranks especially, and the emergence of dominant pattern reflecting age ranks, if any, in the social structure. This is the integral focus of this study.
Interestingly, in the resident intruder experiment the adult animals consistently display the highest level of aggression in both rats and mice reflecting its dominant status. However, there was no hierarchical formation in the expression of aggression based on the age order of the animals. In the grouped experiment, although there are differences in the occurrences of the different motor patterns, the overall expressions of aggression among the age ranked animals in both rats and mice are not significantly different. Similarly, we did not observe hierarchical formation in the expression of aggression based on continuum age order of the animals. Whereas Rosvold [14] observed a dominant relationship in the social structure of merged monkeys following bilateral amygdala lesions, an age hierarchal idea was not the focus. Other studies that investigated aggression [4, 7] were only interested in the social order of dominance that is based on the role of endocrine systems in male strand mice. Age hierarchical structure was not the focus per se. It is possible that the different experimental situations in our present study, when compared with other studies [4, 7, 14] , might play a significant role in the different results. In the present study, we use the resident intruder model experiment, in which territory residents responded aggressively to smaller but aggressive strangers. In turn, the intruding insubordinate strangers responded accordingly during the intramale aggressive encounters or food competition task. It is expected that the repeated agonistic encounters could repeatedly crystallize the social structures present within the groups such that social order of dominance or ranked pattern of aggression reflecting the age hierarchy of the animals could be established, if at all such association exists. However, the present results indicate that such crystallization might result in a top age ranked dominant individual as indicated in our results in Figures 1 and 2 , but might not necessarily lead to social order of dominance that reflect an increasing or decreasing age pattern. These findings are supported by another investigation [41] in which aggression did not differ across 100, 200, or 300 days of age in two different strains of male rats.
There is no doubt changes in aggression behavior differ at different developmental and social systems. Our experiments in two different animal species, namely M. musculus and C. foxi with different social systems, reveal that social order of dominance pattern based on aggression-related behavior might not be associated with age hierarchy. Individual differences in the expression of aggression might be related with several behavioral or adaptive characteristics. In support of the aforementioned, it has been shown that dominance might be based on individual skills during competition and not necessarily the age hierarchy within the social group [4] [5] [6] [7] [8] [9] [10] .
The adult and eldest animal consistently display the highest level of aggression, and dominant status in the intruder experiment, but we did not observe such dominant status in the grouped experiment. These findings indicate that the pattern of social order dominance or hierarchies within the social group are not fixed, and depend on a number of changing factors, among them the level of aggressiveness. Our results further indicate that animals exhibit relatively higher levels of aggression during the intruder experiment when compared with the results from the grouped experiment. These findings suggest that animals react differently to varying environmental challenges. We argue that the individual's level of offensiveness or defensiveness is an important component of a more trait-like behavioral or adaptive response pattern to the animal's demands and might not necessarily be a manifestation of age hierarchy at the intraspecies level. Our findings are consistent with other studies that show lack of clear dominance in competitive orders as measures of dominance [22] . Our data complement existing studies on the expression of aggression as related to age-related dominance [22] [23] [24] [25] [26] 43] . The present study also reveals that by examining the motor patterns of attack and defense of aggressive small animals when paired with adult animals, it is possible not only to analyze levels of aggression in a social group but to explain the characteristics among individual animals of age differences at both the inter and intra species level.
